Induction and reduction of sister chromatid exchange by CCNU in human lymphocytes in vitro.
Sister chromatid exchange (SCE) was studied in human lymphocytes treated with 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU) in vitro. A dose-dependent increase of SCE was observed in cells exposed to 10(-5) - 10(-4) M CCNU. The maximal increase was 25-35 SCEs/cell over the control level, which is similar to the increase found in patients treated with CCNU in vivo. In the presence of rat liver microsomes (S-9 fraction) the frequency of CCNU-induced SCE was slightly higher than in parallel cultures without S-9, suggesting that microsomal metabolism may enhance the rate of decomposition of CCNU into reactive products. The CCNU-induced increase of SCE was greater in cells treated for longer time periods (up to 70 hr) than in cells subjected to a 1-hr treatment. This effect was most pronounced at higher concentrations of the drug (5 X 10(-5) M). The frequency of CCNU-induced SCE was also found to be dependent on the time of treatment in the cell cycle. A treatment for 1 hr during early G1-phase (about 20 hr before the first S-phase) gave rise to a higher increase of SCE than a 1 hr treatment immediately before or during the first or second S-phase. Thus, the CCNU-induced DNA damage leading to SCE seems to persist and may even increase during the prereplicative phase of the cell cycle. After replication in BrdUrd-free medium, the frequency of CCNU-induced SCEs decreased to the control level. The present results, taken together with other studies of strand break and cross-link formation by CCNU in mammalian cells in vitro, suggest that the major SCE-inducing damage by CCNU is DNA interstrand cross-links. These lesions then appear to be slowly removed, if at all, during the prereplicative phase of the cell cycle, and to disappear during or after replication in BrdUrd-free medium in vitro.